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In the title salt, C23H 27 F 3 N20S + -2C4H304~, a non-merohedral 
twin [ratio of the twin components = 0.402 (1):0.598 (1)], the 
-CF 3 group is disordered over two sets of sites with occupancy 
factors in the ratio 0.873 (2):0.127 (2). The dihedral angle 
between the two outer aromatic rings of the 9//-thioxanthene 
unit, whose thiopyran ring has a screw-boat conformation, is 
33.01 (9)°. The diprotonated piperazine ring adopts a chair 
conformation. In the crystal, intermolecular O— H- ■ O, N— 
H- ■ O and C— H- ■ O hydrogen bonds between neighboring 
molecules form zigzag chains along the a axis and contribute 
to the stabilization of the packing. 

Related literature 

The title compound was formed by the reaction of flupentixol 
(systematic name: 2-[4-[3-[(£Z)-2-(trifluoromethyl)-9,ff-thio- 
xanthen-9-ylidene]propyl]piperazin-l-yl]ethanol and fumaric 
acid. For the antidepressant action of flupentixol, see: 
Robertson & Trimble, (1981). For related structures, see: Post 
et al. (1975fl,fe); Jones et al. (1977). For ring puckering para- 
meters, see: Cremer & Pople (1975). 




Experimental 

Crystal data 

C 2 3H 27 F3N 2 OS 2+ -2C4H 3 Or 

M, = 666.66 

Triclinic, PI 

a = 6.4175 (2) A 

b = 9.6185 (4) A 

c = 25.5771 (10) A 

a = 96.377 (4)° 

/3 = 96.295 (3)° 

Data collection 

Oxford Diffraction Xcalibur Ruby 

Gemini diffractometer 
Absorption correction: multi-scan 

(CrysAlis PRO; Oxford 



Refinement 

R[F 2 > 2a(F 2 )} = 0.055 
wR(F 2 ) = 0.162 
S = 1.03 

11625 reflections 
430 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 




y = 92.774 (3)° 

V = 1556.63 (10) A 3 

Z = 2 

Cu Ka radiation 
jtt = 1.59 mm~' 
T = 295 K 

0.53 x 0.17 x 0.12 mm 



Diffraction, 2007) 

T min = 0.643, r max = 1.000 
11625 measured reflections 
11625 independent reflections 
9926 reflections with / > 2a(I) 



12 restraints 

H-atom parameters constrained 
Ap»ax = 0.47 e A~ 3 
Ap mi „ = -0.27 e A~ 3 
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Symmetry codes: (i) } 
-x + 2, -y + 1, -z + 


+ l,y, z; (ii) x - 
2; (vi) x, y — 1, z. 


l,y, z; (iii) x, v + l,z; (iv) x- 


-l,y + l,z; 


(v) 
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Data collection: CrysAlis PRO (Oxford Diffraction, 2007); cell 
refinement: CrysAlis PRO; data reduction: CrysAlis RED (Oxford 
Diffraction, 2007); program(s) used to solve structure: SHELXS97 
(Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: ORTEP-3 for Windows 
(Farrugia, 1997); software used to prepare material for publication: 
WinGX (Farrugia, 1999) and PLATON (Spek, 2009). 

MSS thanks the University of Mysore for the research 
facilities. RJB wishes to acknowledge the NSF-MRI program 
(grant CHE-0619278) for funds to purchase the diffract- 
ometer. 
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l-(2-Hydroxyethyl)-4-{3-[(£ , )-2-(trifluoromethyl)-9//-thioxanthen-9-ylidene]propyl}piperazine- 
1,4-diium bis(3-carboxyprop-2-enoate) 

M. S. Siddegowda, R. J. Butcher, M. Akkurt, H. S. Yathirajan and A. R. Ramesh 
Comment 

Flupentixol (systematic IUPAC name: 2-[4-[3-[(i?Z)-2-(trifluoromethyl)-9//-thioxanthen-9-ylidene] propyl]piperazin-l- 
yljethanol is a typical antipsychotic drug of the thioxanthene class. In addition to pure drug preparations, it is also available 
as deanxit, a combination product containing both melitracen and flupentixol. The antidepressant action of flupentixol has 
been described (Robertson & Trimble, 1981). The crystal structures of a-flupenthixol (Post et al, 19756), P-flupenthixol 
(Post et al., 1975a) and piflutixol (Jones et al., 1977) have been reported. In view of the importance of flupentixol, this 

paper reports the crystal structure of the title salt, (I), C23H27F3N2 + OS2-2[C4H304~], formed by the reaction of flupentixol 
and fumaric acid. 

The crystal studied was a non-merohedral twin, the ratio of the twin components being 0.402 (1): 0.598 (1). In (I), Fig. 1, 
the thiopyran ring of the 9//-thioxanthene ring system (S1/C1/C2/C7C9/C14) has a screw-boat conformation: the puckering 
parameters (Cremer & Pople, 1975) of Q T = 0.5118 (15) A, 9 = 87.53 (19)° and <p = 3.2 (2) °. The dihedral angle between 
the two outer aromatic rings of the 9//-thioxanthene unit is 33.01 (9) °. The diprotonated piperazine ring (N1/N2/C18-C21) 
adopts a chair conformation with puckering parameters Qx = 0.580 (13) A, 9 = 178.76 (12) ° and cp = 177 (7) °. 

In the crystal structure, intermolecular O — H-0,N — H-0 andC — H-0 hydrogen bonds (Table 1) contributes to crystal 
packing forming the zigzag chains parallel to the [100] direction (Fig. 2). 

Experimental 

Flupenthixol base (2.0 g, 0.046 mol) was dissolved in 10 ml of ethyl acetate and fumaric acid (1.067 g, 0.092 mol) was 
added at 323 K. The solution was stirred in a round bottomed flask at 343 K for 30 min. The mixture was cooled to room 
temperature and the product formed was fdtered and dried. X-ray quality crystals were obtained from a 1 : 1 mixture of 
dichloromethane and methanol by slow evaporation (M.pt.: 431-433 K). 

Refinement 

All H atoms were positioned geometrically and allowed to ride on their parent atoms, with C — H = 0.93-0.97 A, N-H = 
0.91 A and O-H = 0.82 A, and with t/ iso (H) = 1.5t/ eq (0) for hydroxyl H atoms and 1.2t/ eq (C) for other H atoms. The CF 3 
group is disordered over two sets of sites with occupations of 0.873 (2) and 0.127 (2), respectively. The structure was refined 
as a non-merohedral twin (using HKLF 5 in SHELXL) with the final ratio of the twin components being 0.402 (1):0.598 
(1); as such there is no value for R mt . 
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Figures 




Fig. 1 . Molecular structure of (I) with the atom labeling scheme. Displacement ellipsoids for 
non-H atoms are drawn at the 30% probability level. Hydrogen bond connections between the 
components of the asymmetric unit are shown as dashed lines. Only the major orientation of 
the disordered CF3 group is shown. 



Fig. 2. Perspective view of the crystal packing and hydrogen bonding (dashed lines) of (I) 
down the b axis. 



1 -(2-Hydroxyethyl)-4-{3-[(f)-2-(trifluoromethyl)-9H-thioxanthen- 9-ylidene]propyl}piperazine-1 ,4-diium bis(3- 
carboxyprop-2 -enoate) 



Crystal data 



C 2 3H 27 F 3 N 2 OS 2+ -2C4H3CV 
M r = 666.66 
Triclinic, PI 
Hall symbol: -P 1 
a = 6.4175 (2) A 
6 = 9.6185 (4) A 
c = 25.5771 (10) A 
a = 96.377 (4)° 
(3 = 96.295 (3)° 
y = 92.774 (3)° 

V= 1556.63 (10) A 3 



Z = 2 

P(000) = 696 

D x = 1.422 MgnT 3 

Cu .fox radiation, X = 1 . 54 1 84 A 

Cell parameters from 5369 reflections 

6 = 4.6-75.4° 

H = 1.59 mm -1 
7=295 K 

Thick needle, colourless 
0.53x0.17x0.12 mm 



Data collection 

Oxford Diffraction Xcalibur Ruby Gemini 
diffractometer 

Radiation source: Enhance (Cu) X-ray Source 
graphite 

Detector resolution: 10.5081 pixels mm" 1 
co scans 

Absorption correction: multi-scan 
(CrysAlis PRO; Oxford Diffraction, 2007) 



1 1 625 independent reflections 

9926 reflections with i > 2o(i) 
Pint = 0.000 

©max = 75.7°, 9 m j n = 4.6° 

h = -8^5 
jfc = -ll-»12 
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Z = -31->31 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = l/[o 2 (F 0 2 ) + (0.0915.P) 2 + 0.2879P] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max = 0.001 
Ap ma x = 0.47eA" 3 
Ap m i„ = -0.27 e A~ 3 

Special details 

Geometry. Bond distances, angles etc. have been calculated using the rounded fractional coordinates. All su's are estimated from the 
variances of the (full) variance-covariance matrix. The cell e.s.d.'s are taken into account in the estimation of distances, angles and tor- 
sion angles 

Refinement. Refinement on F for ALL reflections except those flagged by the user for potential systematic errors. Weighted R- 

factors wR and all goodnesses of fit S are based on F 2 , conventional R- factors R are based on F, with F set to zero for negative F 2 . The 

2 2 

observed criterion ofF> o(F ) is used only for calculating -i?-factor-obs etc. and is not relevant to the choice of reflections for refine- 
ment. R- factors based on F are statistically about twice as large as those based on F, and i?-factors based on ALL data will be even 
larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 
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y 


z 


IT- *ITJ 
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SI 


-0.28261 (7) 


0.43649 (6) 
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0.0659 (2) 
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Ol 
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0.0546 (4) 
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0.66238 (16) 
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0.79768 (4) 


0.0305 (3) 




N2 


0.91809 (17) 


0.37193 (11) 


0.89824 (4) 


0.0306 (3) 




CI 


0.1779 (2) 


0.48863 (17) 


0.64991 (6) 


0.0438 (4) 
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0.1109(3) 


0.56962 (18) 


0.60557 (6) 


0.0477 (5) 
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0.0516 (5) 
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0.0651 (7) 
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-0.0948 (3) 


0.55110(19) 


0.58004 (7) 


0.0521 (5) 
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0.3238 (3) 
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0.53587 (8) 


0.0680 (7) 
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-0.1214(3) 


0.3095 (2) 
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0.0547 (5) 





r min = 0.643, r max = l.ooo 

11625 measured reflections 

Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 20CF 2 )] = 0.055 
wR(F 2 ) = 0.162 
S= 1.03 

11625 reflections 
430 parameters 
12 restraints 
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a o/icon 
0.84580 


A A/1AA* 

0.0400* 


Hz IB 


0. /3o50 


A C"71 /I A 

0.5 /340 


A O A "7 1 A 
0.84/10 


A A/1AA* 

0.0400* 


HZ/A 


0.y2550 


A i /; 1 OA 

0.30180 


A A"7"7/;A 

o.y / /oo 


A A/1 /; A* 

0.0400* 


HzzB 


A OO /I C A 

0.88450 


A 1 1 /I /I A 

0.Z1440 


A A/1 /1 1 A 

0.y4430 


A A/1 /; A* 

0.0400* 


HZ3A 


1.20080 


A OA A 1 A 
0.20010 


A AOI /I A 

0.y8z40 


0.0550* 


H23B 


1.25010 


a i /in a 
0.24ZZ0 


a ao/:aa 

o.yzoyo 


A AC£A* 

0.0550* 


HloB 


A 1. /I "70A 

0.34 /80 


0.55 /50 


A "7"7"> 1 A 

o. / /zio 


A AC 1 A* 

0.0510* 


HI / A 


A /;"> A/1 A 

o.ozy40 


A 1 A/1 1 A 

0.3y4z0 


A "7 1 "7CA 

0. 11 /50 


A A/1 CA* 

0.0450* 


r r i nn 

HI ID 


o.osyso 


0.543 /0 


A "7/1 OA 

0. /48Z0 


A A/1 

0.0450* 


H2AA 


0.34710 


-0.14090 


0.79010 


0.0460* 


H3AA 


0.01080 


0.02140 


0.77670 


0.0460* 


H4A 


-0.28400 


-0.10740 


0.77180 


0.0990* 


H2BA 


0.24320 


0.90380 


0.90580 


0.0470* 


H3BA 


0.58020 


0.74270 


0.91960 


0.0430* 


H4B 


0.87370 


0.87110 


0.91980 


0.0930* 



Atomic displacement parameters (A 2 ) 





U 


,,22 

u 


U 


U 


U 


,7-23 
U 


C 1 

SI 


a a a ^ o 

0.0438 (2) 


A AO 1 A ^ 

0.0814 (3) 


0.0728 (3) 


a An 1 a 

-0.0019 (2) 


A AAAZZ 

0.0006 (2) 


A A 1 A 1 

0.0191 (2) 


F1A 


0.170 (2) 


0.1107 (15) 


0.0830 (12) 


-0.0800 (15) 


-0.0226 (12) 


0.0305 (11) 


F2A 


0.1009 (13) 


0.0998 (12) 


0.0986 (13) 


-0.0100 (10) 


0.0312(10) 


0.0223 (11) 


F3A 


0.1041 (14) 


0.0976 (15) 


0.267 (4) 


0.0260 (11) 


0.0317 (17) 


0.126 (2) 


Ol 


0.0495 (6) 


0.0579 (7) 


0.0531 (6) 


-0.0124 (5) 


-0.0078 (5) 


0.0118 (5) 


Nl 


0.0287 (5) 


0.0269 (5) 


0.0353 (5) 


-0.0042 (4) 


0.0045 (4) 


0.0035 (4) 


N2 


0.0294 (5) 


0.0255 (5) 


0.0361 (5) 


-0.0052 (4) 


0.0029 (4) 


0.0036 (4) 


CI 


0.0413 (8) 


0.0470 (8) 


0.0442 (7) 


0.0051 (6) 


0.0033 (6) 


0.0112 (6) 


C2 


0.0482 (9) 


0.0500 (8) 


0.0446 (8) 


0.0046 (7) 


-0.0014 (6) 


0.0097 (6) 


C3 


0.0498 (9) 


0.0530 (9) 


0.0525 (9) 


0.0025 (7) 


-0.0012 (7) 


0.0155 (7) 


C4 


0.0674 (11) 


0.0531 (10) 


0.0563 (10) 


0.0080 (8) 


0.0036 (8) 


0.0175 (8) 


C5 


0.0748 (13) 


0.0643 (11) 


0.0585 (10) 


0.0112 (9) 


-0.0086 (9) 


0.0239 (9) 


C6 


0.0575 (11) 


0.0723 (12) 


0.0632 (11) 


0.0093 (9) 


-0.0139 (8) 


0.0161 (9) 


C7 


0.0477 (9) 


0.0575 (9) 


0.0508 (9) 


0.0049 (7) 


-0.0001 (7) 


0.0096 (7) 


C8 


0.0813 (14) 


0.0591 (11) 


0.0668 (12) 


0.0025 (10) 


0.0049 (10) 


0.0258 (9) 


C9 


0.0535 (10) 


0.0628 (10) 


0.0470 (8) 


-0.0071 (8) 


0.0020 (7) 


0.0115 (7) 


C10 


0.0738 (13) 


0.0746 (13) 


0.0660 (12) 


-0.0245 (11) 


-0.0044 (10) 


0.0145 (10) 


Cll 


0.112 (2) 


0.0604 (12) 


0.0783 (14) 


-0.0293 (12) 


-0.0090 (13) 


0.0156 (11) 


C12 


0.0983 (17) 


0.0516 (10) 


0.0644 (12) 


-0.0033 (10) 


-0.0059 (11) 


0.0127 (9) 


C13 


0.0656 (11) 


0.0499 (9) 


0.0516(9) 


0.0005 (8) 


-0.0009 (8) 


0.0088 (7) 


C14 


0.0534 (9) 


0.0508 (9) 


0.0386 (7) 


-0.0028 (7) 


0.0030 (6) 


0.0084 (6) 


C15 


0.0456 (8) 


0.0420 (8) 


0.0477 (8) 


0.0038 (6) 


-0.0003 (6) 


0.0109 (6) 


C16 


0.0417 (8) 


0.0444 (8) 


0.0425 (7) 


0.0044 (6) 


0.0009 (6) 


0.0081 (6) 


C17 


0.0380 (7) 


0.0363 (7) 


0.0372 (7) 


-0.0030 (5) 


0.0030 (5) 


0.0086 (5) 


C18 


0.0300 (6) 


0.0335 (6) 


0.0390 (6) 


-0.0002 (5) 


0.0084 (5) 


0.0020 (5) 


C19 


0.0322 (7) 


0.0283 (6) 


0.0407 (7) 


0.0011 (5) 


0.0048 (5) 


0.0003 (5) 


C20 


0.0301 (6) 


0.0337 (6) 


0.0382 (6) 


-0.0014(5) 


0.0078 (5) 


0.0021 (5) 
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0.0293 (7) 


0.0292 (6) 


0.0423 (7) 


-0.0045 (5) 


0.0024 (5) 


0.0076 (5) 


C2B 


0.0318(7) 


0.0266 (6) 


0.0599 (8) 


-0.0007 (5) 


0.0047 (6) 


0.0113 (6) 


C3B 


0.0301 (7) 


0.0260 (6) 


0.0522 (8) 


-0.0024 (5) 


0.0029 (5) 


0.0071 (5) 


C4B 


0.0305 (7) 


0.0296 (6) 


0.0671 (9) 


-0.0037 (5) 


0.0051 (6) 


0.0087 (6) 



Geometric parameters (A, °) 



SI— C7 


1.757 (2) 


C12— C13 


1.382 (3) 


SI— C9 


1.758 (2) 


C13— C14 


1.403 (3) 


FIA— C8 


1.319(3) 


C15— C16 


1.497 (2) 


FIB— C8 


1.301 (9) 


C16— C17 


1.5233 (18) 


F2A— C8 


1.325 (3) 


C18— C19 


1.5110(18) 


F2B— C8 


1.289 (7) 


C20— C21 


1.5088 (18) 


F3A— C8 


1.297 (3) 


C22— C23 


1.506 (2) 


F3B— C8 


1.304 (8) 


C3— H3A 


0.9300 


Ol— C23 


1.413 (2) 


C5— H5A 


0.9300 


Ol— HI 


0.8200 


C6 — H6A 


0.9300 


OlA— CIA 


1.2488 (17) 


C10— H10A 


0.9300 


02A— CIA 


1.2548 (17) 


Cll— H11A 


0.9300 


03A— C4A 


1.2055 (18) 


C12— H12A 


0.9300 


04A— C4A 


1.3053 (17) 


C13— H13A 


0.9300 


04A— H4A 


0.8200 


C15— H15A 


0.9300 


OIB— CIB 


1.2567 (16) 


C16— H16B 


0.9700 


02B— CIB 


1.2507(16) 


CI 6— H16A 


0.9700 


03B— C4B 


1.2083 (18) 


C17— H17A 


0.9700 


04B— C4B 


1.3105 (17) 


C17— H17B 


0.9700 


04B— H4B 


0.8200 


C18— H18B 


0.9700 


Nl— C21 


1.4927 (16) 


CI 8— H18A 


0.9700 


Nl— C18 


1.4944 (17) 


C19— H19A 


0.9700 


Nl— C17 


1.5009 (17) 


C19— H19B 


0.9700 


N2— C22 


1.5074 (18) 


C20— H20B 


0.9700 
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C22— H22B-03B vi 0.97 2.51 3.3848 (18) 150 

C22— H22B-04B vi 0.97 2.55 3.4236 (18) 150 

Symmetry codes: (i) x+\,y, z; (ii) x-\,y, z; (iii) x,y+\,z; (iv) x+\,y+\,z; (v) -x+2, -y+l, -z+2; (vi) x,y~\, z. 
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